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ABSTRACT : 

PROBLEM TO BE SOLVED: To control the oscillation frequency of a voltage 
control oscillator, and to make it almost coincident with the carrier wave 
frequency of a received FSK (frequency deviation modulation) signal in the 
automatic frequency controller of an FSK receiver in digital radio 
communication. 

SOLUTION: This FSK receiver converts a received FSK signal 100 into an 
orthogonal base band signal by direct conversion, converts it into an FSK 
signal 133 with a low frequency band again, and demodulates it by F/V 
conversion. The number of waves of the low frequency band FSK signal 133 is 
counted in a time sufficiently long to bit length, and compared with an ideal 
value. Then, the error amounts of an oscillation frequency in a voltage 
control oscillator 104 are detected, converted into a control voltage, and 
feedbacked to the voltage control oscillator 104. Thus, automatic frequency 
control can be attained. 
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aT*>9. A^m-^fc«6«ffi<0A/I^Jtl»S 
^Sraa^-rsny^'P—^tciO^^iiS. 1 1 Hi 

1 1 2Jih-TFr^«e-y TvBfcHLT+fcftv* 
Sr^0®Ua5WSt>OT'&6. 1 1 3tt*!lWi^#A 

jiztix^hmsizbfz^x . temmffiFsmm 
wyh^mx-b*). mm. Q&>iLh±&*)M&ii 

Vyhi-&a : J*/?*>Vy? 1 2 lfc:J:9fi!j£$*i&. 
1 14(±. A*£*i*:&tiBti:. U7rP>-XfflfcLT 

i-h®mm.inmx't>*). mm. mE$imm& 
io4<nmmma<wmx'b&®£tz. q^?* 50 
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1 2 

9\zxii *?y V V 7 r v yxmt I 
XtmiX&<sl83iWl 2 2 1 , 2o^A*$il^a 

ffliscoi^^T-f v^;Hi5:aj*i-.sii^¥ai 2 3 

#gl24fcj:',fi§j£$*i£. 
[0028] 02<iF/V^&£8lO9tf)-0ll£^-f 
7nv7mTb&. B2£&wr % 20UiA*£fi*: 
2ffifi^^^i$:«iaii-S«a*lHlST*'9. 0li.«f. 
A:&m#£i&**fS*£ffiIg£-fr 2 0 4 fc . 

stfl!!Wifiawi5is&2 o 5ti mttLZtiz. 2 0 2tn 

y^;l/X«coA*fi^tCtT-^figiiW^y^i|iS: 

&8&h>vvx'iEjSfr®.x'h'). m.a*£S£?w< 

■f7V-*fcJ:D1l«3*i4. 2 0 3<iA*$ti^^ 
[ 0 0 2 9 ] jyjKT)* dOf&SflfcFSKgffiflicOg 

f s Kfi^ 1 0 0 fri, im^t Qm^z 

« . #^>n^ 1 m^t Qffi^{±. mp^g 1 
0 8fcfcv.T. mmmnftmi 1 5^ai*«#s:ifi 

LTE3QSSS^ US-y^EISSl 20tz£*)M 

mmti. mm&Fsm^i33tLx&Dz 
tih. z (Tomm^ f s k«-^ 1 3 3 f/ 
v^«#a 1 0 9 izti^xmmmuzim tt:w±iz 

^iSfL. b'-y b«^#Sl 1 0 izX "9b> 

#^,^b'.y hf-^Kfn-y'l 1 ItiO 

h^m 1 3<7>o>?y^^^y^ 1 2 ltcfcvvc. mm 

94-71 1 2*^ttJ*$*ii.SiJffllft^tlSl:T. 100 

by bmzm?mmtzht:^x&mmi.&F sm 
^i3 3<r>±*>±jfi<>)&$:*?vyb-t&. c\zx\ mm 

mmtmi^ti. nsMwwm 1 0 a <rmm 
mammmx'i>z>k-??>t. D^w^i2i 
tzti^x/i*7yb$ti&m±. &mm&izixf&Fs 

VybZtl&mLNcii. Nc= (fcXlOOT) t 

fztiL. f c : &mmi® f s Rm^crmmm 
m.. T:b>h«-e*s. " — 

[0030] L*-L. «E^Jffl%iBi}KOiag^«^tS 

<i l ^ f s k ^<7)ttK*as^aaa f e m. t x v > 

l^iza. u*J«,9ii*7y?<F>ii*7yYmt. wm.i 
etKtTNctit^rii^r*. i]*)yv 

^^aSRNeii. Ne={ (fc-fe) X100 

[0031] si^a 1 2 2-ctt. 
^ •? y h § ith^% SScn c ifi\ ) 7 r v y xmt lx 
st®2tixt$*). m^m23tza^x. ai;~,?t> 
*)y*\2 ifr^&jizti&tfvyb&tommntf 
ftbtis,. gft®mz£*)&L>tit:m%. -re**. 
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(Nc-Ne)/100T=f ert>\ E&8g*3lfcffi3i 
•tl.. ZOm&mt. D/A£&#&124fcfcWC 

r-j-o/sffit^iasJu sffS"j«nag^io4^j» 

[0032] tLhcT) J: 3 iz*m&<mBlz£tHi. g<t 

fi^tssftLfca. ftr/mm^n fsk fi^-icssa 

U b>H^#LT^£V^fcbfcoTFSKf| 

[ o o 3 3 1 . ^mmmmx-it. f s Kg*i«<o 
«iH3^-rj:3t^ i omttmrnsmmmt 

5 U 5 >y ?0&&3 01. 3 0 2 UT i>£ 

*\ ifz. fi^*^FSKft^l3 3S-^^llS-r5 
^ffl3fi:M/ky-30 3£-gttTt>J:<. *fc. >J$y 
*0»12O£ffiVvfcivlfj£fcl/ct>J:V\, 20 
[00 34] 2*:, Wfe&^yh^Rl 13££tvc. 
^2«OFSKffi^<0»3SSr*»»'h-rSftb'?^ F/ 
V£J£fM5 1 0 9 fci5Jt£'W*£j£*&2 0 20aj* 
fi*0WK:J&*J'hU G«ll 2 2X\ 

mmrh\tiii*tih^*>v\'mviwgm:W& tx 

[0035] tits TZ-ytvifvfW/rtmft 

[0036] {mm<mm2 ) m<um2<rm&>Bm 
fcfc»t4FSKSffi«^ii6^«aa$o«iss^fflissr^ 30 

-r^o.y^@-C*S. 04fc*5V^T. 4 00»i££>*>t 

&\zvhT-?miZ±i>FSKm j 5X't>*). K»b'yh 
r-^ti. mz-ii~?--?tX'<.-xiJ t ££.tzm')M2 
tl&m&K-y htf>b*y fPBWi^T** .401B.f 

3-yi 1 1 icfiv»-caiass*uwaiis«fca^* . t 

ttl>VM9A-?X'hh. @4{cfcttSFSKgl=flS<z> 
*Ott«M«l:IMRcov>T«rHl-tH«r*4-: 
[0037] tLhco i 3 F S K§fI«<7)B 40 

mmmmmmiz^x. *om&wmth. %m 

LfcF S Kffi-5^4 o o stwrnowaiis 1 <r> 

$m<mmtm?b?><7>x\ zzx-irm-th. m. 

**7>Y5-m 1 3X\t. *Jffll^-fV4 0 i*^aj^j$ 
-X#£S*U§0jI$*1.l>ffi&b'-y KOb'-y hr-?*l 

m?bh%&izmz>mut>'»h&mi. &mm% so 
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f s K<t^ 1 3 3<o&j*$msL -«r*>t>@^ijaa 
[0038] B^mm 1 2 2ti. cicym«fi<)^'» h 

fi£ U 7 r pyxffifc LTMIl/ttK . J&fl#S 1 2 
tt. ISIiigEl 2 2Offigffifc;^yM£|lfc<0ll#Sr 

«ff*jfi?isB3§i 04<7)wmmuzmm*k 
[0039] nkktox oiiz#m.<mm,z£ix&, &t> 

gft L£ F s K ft^coi&iM&JSJam fc tgESJ^ 

[0040] (j§Sfc<0«83) S5Ji?g3<0^teO»ffli 
•*-7*n*?HT&*. @5tJ3V^T. 5 0 0»i. «Stb' 

vYr-?\,zkh7\s-m&xmj8&ii. sfrr^# 

ffi#j^7U-A|^#fc#A£fVC^Sb> hr-? 
^(CiSFSKffi-^-CfcO. 50 Hi. FSK£fffl8Sr 

FSK&mmnz^nmtfLtmmz-o^xii. mit 
mmx'bt. 

[0041] &±<?>£ o tc8tJ£$ft*:F S KSft»<7)g 

4. ISK»#*J«l#g5 0 1-CJi. Sftt^#7l^-A 
#j*f8£*U>*>r 5y^T-FSKSfl«^|ft#3-a:. F 

X F S K^filgfc S»^agR«J»ilS^fW$«. tiff 
[0042] £Lb*>J: 3 fc^us<^®t i#i(f . 

ffl&mmmmi<7>m£Z'j?%< lxh< z t\zt*) . 

[0043] (Hte^!B4 ) 06li^4 WHSS^ffli 
t/07;it*S. a6tfc^T, 6 01«i, b*-yh 

w^ai i o:6^ai*$^sb'y hr-^5inc«^^ 
^<o«as^a«<i$-»aiL. V7T\syxmtix&ji 

?lV7rl>yxm%lii^&Tt> t ), 602(i, 'J7T 



(9 

1 5 

t. mat^yv^m 1 3frh&i]$tL&*vy m 
t<7mHzitmtt:nj±mwm£t Lxmssmm 
mo4^m&-t&ftmmiii&®.Ti><). 603 

AAS*i*HI#fcttU F/V3aa#gi0 9Ci> 

<r>z<mcomf8.tmiftz^xi±. mi kmrnxbt. 

[0044] V±<DX 0 fcflWtefifc F S KgjH8tf>g 

mmmmm.<ofm\zoux. mKrm&mi&k 10 
m%h®K*-?hmi,z^xwmh. i*fis*u.F 

SKfi^-cot'-y hr-^ov-^tx^-x^coit* 
:miafcJ:-?T*§<3SHtf£k-rSk. «Sc^->yb 

#si 1 3£m&*vyh&&bt'y hT-ftz&t 

X^fcth. Zc\X\ b'«/h¥"J^#ai ioa>*>aj;jj£ 

futb'-y hT-^tC«^V^T. SaS^^yh^gl 1 3 
&6l$[S£fcttSb>hx-*S^\ -7~9 : Mi b-.y 

k x^-xM 2 \zvhxs>^t:ti-&t. mutiny 
h^&ii3iz&^x*>yyh2ti?,'<-zma}. 20 

{ (fc+Af) XMiT> + ( (f c-Af ) XM 

m.mmi. + Af : v-?tfrti^jaafcs«i^ - 

A f : X^-X<Di§£Oja»&«^ T : b' y 
[0045] i^t, F/V^ft#Sl 0 9W^S»g 

mutiny htvyr^yxm^mtn? 4 5 
y^-m£«CE-r£fc«>fc. sans! 6 0 3**j$a? 

^«aan«jij¥S6 0 2^tt*&$^. «aa^->yh# 30 
si 1 3-ctt. mm? 4 -?i 1 2*^iH0Wiwai;fj$ 

ilTl^«Hati>!toTffi^«S®FSK11#l 3 3C0 

1 0 4 tz&if mwmimcowMnmizfti t x . U7t 
uyzm£<oi>mm&. n->x. mmtmii&m 
0 2tt5v^T, i/^yv^koyruyxm^^i: 

[0046] feUi^ct 0 tt$mmmtz£tnf. git 

zttwmt%&. ttz. b^yhx-^cort^i^-r 
mmzti&?4 5 y?imtzt5^xi>mmmtiiiZff 

[ 0 0 4 7 ] frfc , *Hiitf)E8BTI£iSlH]8&6 0 3 £ 
SI 0 9fcfclti.ggA</h3 WUf , SgGI&&6 0 35: 50 
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[0048] ( macr,mm5 ) mim5<D$m<wm 

•tyu-ytmXbh. H7WJV^. 70 1«A*$<X 

ovm^m-h*). mtf. wiLfcFSK»»i o 

10 7A^ffl:ft$ftSl^;l/£L£^ffikU A^ffi^ 
#L£^ffifc#LT*§v^i:JiH i gh<I^£jfc)j 

7 0 2li. SfiK/^S^S7 OIKHig h<I^ 
^A^$tL^^fc{i«3fc*->yh^Sl 1 3*>£>ifc>J 

ztitzwy vmk vyruyxmmftizitmLtzm 

£E£SWjU Sfi^;PW^a7 0 1*^Low<t^ 

t- mmLmkti&mxb & . 1 2 2 u >j 7 r v yxm 
itmtxtiKsimmm. i2 3U2oaAa3*i&ft 

\m<m#£liiJl-?&£ft^®. 7 0 3liJBH£3i£ia 
<tLTii<E^ia. 12 4ttD/A33&fS. 704 

ti. s«w^w^S7 0 ioskmpwh i ghw 

1 2 3*^att$*lfcil#*£31£feg 
US 7 0 3k D/AS3&£8 1 2 4^*^ L. 

;^j^*s 7 0 1 ^awmwL o wco^t<iE^ 

fi7 0 3(cEit$nT^I.II5Hf«S:^aiU'CD/A 
3Sft#Sl 2 4^aj*-r2.»JfflI*S-C*l.. H7fc*J»t 
h F S Kgffitg<7)*c7)fl!j<Ol?tj£fc if^(c^v^TJ±. 0 1 

[0049] feLh^)J: 0 izmtfiZtUzF S KgfM&OS 

mfcz-tz&Mz^xmm-h. 5atK*«£¥a 
7 0 1 -m. sft Lfc f s Kimnwvtfmz&k 0 

\>y&£rizi&H i ghfi^tp*. /h$v^tcJ±Lowli^ 
* J W«#S7 0 4tc:ttt&§^. «iP¥R7 04TI4, 
XflTl^M«^S7 0 1HH i ghm#*<ai^$ii 
S^fcJi. IBi-#Sl 2 3fctJtt*» U 
7 r I^yxfi<7)|&«-<7)ai^fi2:D/A^Il|» 1 2 4*v 
(WW* k k fcfc. S^IS7 0 3M8Sf'S:riir 
J:0. »»<OAFCH*a«ffbft.*. SffU^flS* 
S7 0 l*^Low^{iJ^$nS^(C«. SdL^F 

S013^S7 0 4J1. n^si 2 3*»^as* 
$*i&H#®Dffcb 0 E1^B7 0 3 KfEti3ftT 
^4il5Htt»*as LT D/A3aWH» 1 2 4 Mftfc-T 

[0050] fill:*) J: 3 (c*Hi4<^©K J: Wf . gfi 
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maawbt^ m-icomm^mzm^xm^im^ 

[0051] #m.<r>M§~C\t. 07cofl|j£<9j: 

z.imm&7 < >i>? i o 6coaj*m^{c«^v^Tsm 

y 4 )V9 1 0 6fcffi«a3S7 4)V910 7<DM1miiiJ) 
J: ate. ffS20FSKf|^c«o%vtgftw^D*l£ 

[0052] (His<^g®6 ) 09 i±ns 6 <rm&mm. 

-ryD y^0-c*s. 09Ki>wc. 9 0H1 te^i 
a 1 2 2 izmm tuzvyru yxmizm-& s 

•/•yh^&i l sc^^h&S^A/hiH^U 

wSraj^-TS. 9 0 2li. A^^H i gh<0*§^fc: 
«{ii;frf&x 4^'?nHI£io4 y^'j^yhU A* 

? u * y h Lx&tth^jffvwmm^mx'bh . m 

9 iZtmh F S Kgflfl^cOffliCOffijS. t SrfftCOV vc 
tt. 01fc^«-CJ>S. 

[0053] BLhcOJ: 3 fc1Sj££*tf;F S KgfUS^S 
0 1 ^§§£S 12 2 ££tt3*rC 'J7rl/V 

wmm o 2tzm&2ti&. f vtMmm&s 

0 2TJi. \ttitfz*\mgk&K i g h<Oi§£fc:{iSlJ 

t« 1 of? »j * > h lt tB^j-r s . d / a^#s 1 

A^tvmr^ymmz^SiLx. mm&t lx 
wmwMmio4*s.m{;-ti>. - - - 
[0054] tLhw x 0 izxmmo&Biz xtnf . h% 

TOtfW&frtWW&WfcU -«i«KEt-4*i*lfc:iailf 
[0055] 

f s KamwSc^i^iizx vmi-f&^-x^ymn 
u zcoFSKm^mLi-^mizhtz-oxat^y 
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hl. mmmz*<7yhmt<mftmsb. z<r>miz 
m?z>mi±mwmi±t Lxm&wmmr^? 4 - 
hv< y?i-&ztiz£<o.%mLt:Fs Km^emm 

mil *wwm 1 wmtovimiziinh f s Kgfi 
[02 ] *%bb<t)^ 1 <rm&mm.mh v/v^m 
[03 ] imwm 1 «sairaB»fc*iit4 f s Ksm 
[04 ] i&m(mi vmmmizmh f s ksm 
[0 5 ] #&Bjj?)!&3 mmfmrnazavth f s Kgft 

[06] *I6WC7)^4 <7)HiS<7)?g!Sfcfe^S F S Kgft 
«kOiaS»3Riltt^lS<Ofl|*^ay^0 

[07] *Wmm 5 <?)Hffi<^®ttJft-& F S Kgft 

20 flKog»^«aa$iifflsiB^«i£yD.y?@ 

[08 ] 5 cO»l<0»@tiJftS F S Kgfi 

m>mmmmm<nm$crv -/ ^0 

[09 ] *f6BJc7)^6<7)||tt^®fct>(t* F SKSm 

[0io] mtcoF s Kgfli8«oa»^«a$j»^st 

[0ii] mcoF s Kgfi«£7)giii^^»jffli^at 
fc{ts«^^i^a»®«^0 

[fir^^fiBH] 
30 100. 400. 500 FSKffi^ 



10 1 
102. 
104 
105. 
106. 
108 
109 
110 

40 



103. 117. 118 
1 1 6 

1 07. 20 3 1$)$m&7 4l\s7 



F/v^m^. 

b' y hWttBt 
1 12. 40 1 #m9A~? 

113 SSy&^yf^g 
114.602.702 
115 wmrnkwrn 

119 JD®5§ 

120. 301. 302 US y^IUSS 
12 1 DyVW)yr 
12 2. 703 le^iS 
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124 
201 
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2 02 WX&OV&k 
2 04. 603 SSIalK 

205 mmmmm 

303 i&m&7<UV9 
50 1 WRm-tiMm 
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60 1 oyruy^mut^m 
701 *»i/*c*fl}E#R 

704 mm®. 

901 

90 2 T<it*>\&MWm 
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H2KS»£39*B 



117 



115 [ 



1 1 1 
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